Objective: To interrelate chronological age, cervical vertebrae maturational stage and dental calcification stages and to establish latter as first level diagnostic tool to estimate timing of pubertal growth spurt. Materials and Methods: Sample derived from pretreatment panaromic and lateral cephalometric radiographs of patients 8-14 years old. Study sample divided into three groups depending upon Angle's molar relation: Group I, Group II, Group III. According to chronological age, into: Group A: 8-11 years Group B:11-14 years, further separating males and female subjects in each group. Demirjian et al method was used to assess dental maturity and for skeletal maturity the New Improved Version of Cervical Vertebrae Maturation Method by Baccetti, Franchi and Mc Namara. Statistical analysis was performed using SPSS software package. Chi Square test and Spearman rank-order correlation coefficients measured the association between skeletal maturity indicators and dental calcification stages and statistical significance tested. Results&Conclusions: In females, permanent mandibular second molar Stage E signified circumpubertal phase corresponding with skeletal age CVMS II and for males, it was permanent mandibular first premolar stage E. Early orthodontic interventions for Angle's Class I and Class II malocclusions should be performed at the circumpubertal period represented by CVMS II in Indian children and for Angle's Class III malocclusion, facemask therapy beneficial in the prepubertal phase. Females showed higher significant correlation among skeletal and dental calcification stages compared to males.
Introduction
It has been well established till date that timing forms a fundamental part of any kind of treatment planning in orthodontics, with special regard to dentofacial orthopedics. This relation becomes even more important in various malocclusion groups where difference in intervention time has been documented.(1) Starting treatment in a growing patient significantly effects the correction of disharmonies in sagittal, transverse, and vertical planes. (2, 3) The relationship between the development of dentition and skeletal maturation has been investigated, studies referring mainly to the correlations between formation of teeth (mandibular permanent canines and second molars) and onset of pubertal growth spurt have led the way.(4-6) Unfortunately, little is known for this relationship in Indian boys and girls and earlier studies strongly strengthen the concept that growth and maturation standards differ widely in Indian children and Western population due to climatic, nutritional, socioeconomic and racial influences. (7, 8) This difference and its clinical applicability need to be studied in relation to skeletal as well as dental maturity for Indian boys and girls to assess treatment timings in both sexes for various malocclusion groups. This study is unique in its sense that we have evaluated the correlation for all the three malocclusion groups as formulated by Angle separately, keeping in mind the different growth pattern and different intervention time for all the three malocclusion groups ( Class I, Class II and Class III malocclusion). The issue of growth in these subjects has become more relevant because of the increasing interest in optimizing treatment timing in dentofacial orthopedics. But no study in recent literature has evaluated this correlation in these malocclusion groups with scanty data available in context of Indian children. Information on growth trends in malocclusion groups is needed for both effective treatment planning and reasonable expectations in terms of stability of treatment outcomes. The aim of our study is thus to evaluate the interrelationship of chronological age, cervical vertebrae maturational stages and dental calcification stages as growth indicators in different malocclusion cases reported for dental treatment. Another important parameter, the sexual variation will be considered for population group of 8-14 year children, as literature suggests different pubertal timings for males and females.(9-11) Thus a more clinically relevant method of assessment of puberty growth spurt by dental calcification stages of teeth in routine dental radiographs is established and applied to determine the optimal treatment timing in various malocclusion groups of Indian children. It will be valuable in the fields of diagnostic, preventive and interceptive orthodontics, planning of growth modification treatments in developing malocclusions, pediatric forensic odontology and pediatric endocrinology.
Material and Method
The sample for the study was derived from pretreatment panaromic and lateral cephalometric radiographs of patients visiting our dental outpatient department with chief complaint of irregular teeth with different malocclusions. Sample selection criteria was strictly based on the pretreatment diagnostic radiographs of patients who have reported with different malocclusions and required orthodontic intervention after obtaining the informed consent from their parents/guardians regarding use of the radiographs for the study. Radiographs of good quality and high contrast were included. The sample consisted of 100 pretreatment panaromic and lateral cephalometric radiographs each of patients of chronological age 8-14 years.The sample distribution into the three groups was totally dependent on patients reporting with various malocclusion problems. The distribution of the study subjects according to the Angle's molar relationship, chronological age and sex is shown in Demirjian et al(12) , one of 8 stages of calcification, A to H, was assigned for each tooth, permanent left mandibular canine, first premolar, second premolar, second molar and third molar were traced from the orthopantomograms ( Figure  1 ) In case of any missing left mandibular teeth or any rotations, the right teeth corresponding to the particular tooth was examined.
dy the relationship between the chronological age and sex with the stage of skeletal maturation and the stage of calcification of the teeth for a particular group. The Spearman rank-order correlation coefficients were estimated to measure the association between skeletal maturational indicators and dental calcification stages of individual teeth, and the statistical significance of the correlation tested.
To test the reproducibility of assessment of dental developmental stage and skeletal maturation stages of cervical vertebrae, two investigators re-evaluated randomly selected panoramic and cephalometric radiographs from 10 of the same male subjects and 10 of the same female subjects 4 weeks after the first evaluation for each group. Intra-and inter examiner reproducibility were tested and the differences double interpretations were statistically tested.
Results
The highest percentage distributions of skeletal maturation stages (CVMS) for Angle's different molar relationship groups (Class I, II and III) respectively are shown in 
In Class III Angle's molar relation group (Graph 1):
Out of the total sample of 10 subjects in this malocclusion group, the percentage distribution for the four groups were: Younger male group (6 subjects) showed CVMS II (66.7%). In older male group (3 subjects) two presented with CVMS II and one with CVMS III. In the younger female group, only one girl was there who showed CVMS III compared to CVMS I/II for the Class I and Class II malocclusion groups.
The CVMS and calcification stages of each of the studied teeth with highest percentage distribution according to distribution of chronological age and sexual dimorphism is shown in Table 3 The Spearman rank-order correlation coefficients between the CVMS and the dental calcification stage were calculated ( First premolar > canine > second molar From above findings it can be interpreted that for younger females (8-11years) CVMS II showed highest percentage with maximum correlation to permanent mandibular second molar Stage E; in older females (12-14years) CVMS IV was most common with highest correlation with stage G of permanent mandibular second molar. In young males (8-11years) both CVMS I and II were common in maximum correlation with permanent mandibular first premolar stage E; in older males (12-14years) CVMS II presented with highest percentage in maximum correlation to stage G of permanent mandibular first premolar. The reproducibility of all the assessments was found to be good, with high coefficient values. The coefficients of reliability were found to be between .986 and .998 for dental calcification stage assessment and between .990 and 1.000 for the skeletal maturity assessments. No significant intra-or interobserver differences (P > .05) were observed.
Discussion
The present study was carried out in different malocclusion groups to establish correlation between chronological age, cervical vertebrae maturation stage (CVMS) and dental calcification stage in Indian children. Clinicians and researchers have shown enough evidence that growth and development of dentofacial structures and hence their growth modifications time is different in different malocclusion groups. This study is an attempt to decide logically, the most controversial early orthodontic treatment time in Angles molars relationship: Class I,II and III. According to Indian literature, pubertal spurt in females begins as early as 10 years or even early and mean age of menarche is 12.6years. While in males, the pubertal spurt period is from on an average 13-16 years.(10) With these viewpoints we divided our study group of 8-14 year old children with orthodontic treatment needs in two subgroups of 8-11 and 12-14 years and evaluated them separately for males and females. The dental formation stages were evaluated using the Demirjian's method.(12) The cervical vertebral development was evaluated using the New Improved Version of the Cervical Vertebral Maturation (CVM) Method by Baccetti, Franchi and McNamara in 2002 . This is a simplified method compared to the earlier proposed methods as: Interpretation of phase of patient in growth curve is easier by reducing the stages from six to five, definition of cervical vertebral morphology at each developmental stage that allows the clinician to apply the information derived from a single cephalogram and avoids definition of stages based on comparative assessment of betweenstage changes as was in the previous methods. (13) The sample for our study demonstrated distribution according to the prevalence of various malocclusions groups seen in Indian population i.e Class II cases showing maximum number while Class III showing minimum number of cases studied. The results showed that the females were consistently ahead of males in attaining skeletal maturity in all groups as observed by the advancement in CVMS which was in accordance with information published in several studies.(9,14-16) Regarding the skeletal maturation in malocclusion groups, it was When dental calcification stages were considered, it was found that with increase in chronological age, females showed advanced dental maturity (i.e. 2 stages ahead) from younger females; compared to the older males who were one stage ahead from younger males. Spearman correlation coefficients for females between skeletal and dental stages were highly statistically significant at p<0.01. Second molar showed highest correlation (r=.659). In younger males (8-11years) , first premolar showed the highest correlation (r= .393)with CVMS I to II(prepubertal) and in older males(12-14years) it has reached Stage G, along with attained CVMS II(circumpubertal). These findings for maximum correlation with second molar and premolars were in accordance with findings of Uysal et al(27) and Krailassiri et al(6) . When comparing the calcification stages of males and females in same age group, same level of dental maturity was observed in younger age group and advanced dental maturity of females than males in the older group, this was in accordance with studies conducted before and those of Hagg & Taranger who also found that dental eruption was earlier in females than in males. Finally, main purpose of assessment i.e. to establish stage/stages of tooth formation as first level diagnostic tool to estimate the timing of pre peak, peak and post peak periods is evident. Optimal treatment timing now can be judged without resorting to the need of any other radiograph than routine dental radiographs i.e. OPGs or IOPAs without resorting to hand wrist radiographs or serial recordings of annual increase in stature or even lateral cephalograms. Also estimation of puberty and related developmental periods, now by means of dental calcification stages according to our study have a significant role even in the field of pediatric forensic odontology because of the fact that the calcified dental structures are not easily destroyed with time and prove to be beneficial in age estimation. (8-11years) and older males(12-14years) CVMS III representing the postpubertal phase was observed signifying need for early orthodontic intervention (facemask therapy) in prepubertal phase for this group. In females the correlation between skeletal and dental • calcification stage for each tooth can be represented from highest to lowest correlation as: Second molar > second premolar > first premolar > third molar > canine For males the order is:
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Conclusions and Clinical Applicability
First premolar > canine > second molar Our study will be specifically helpful in planning treatment for early orthodontic intervention for various developing malocclusions in Indian children. However, a larger sample is required to confirm the results particularly in relation to Angle's Class III malocclusion. Our results may not be applied to other population groups, so further study is required in this field.
